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(57) ABSTRACT 
A repeater (1) includes a master unit (2) for communicating 
with a base station of a mobile network, a plurality of remote 
units (3) for communicating with mobile communications 
terminals, and a common optical waveguide (4) connecting 
the remote units (3) with the master unit (2) for transmitting 
the optical signals from each of the remote units (3) to the 
master unit (2). The remote units (3) include, as a transmitter 
for the optical signals, a laser (7) of a construction similar or 
somewhat identical to that of the other lasers (7). The lasers 
(7) have similar or somewhat identical nominal wavelengths 
(W), and the individual lasers (7) are selected by adjusting 
their operating temperatures (T-T) in Such a way that 
each laser transmits on a different transmission wavelength 
(Wi-Wia). 

15 Claims, 2 Drawing Sheets 
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REPEATER AND METHOD FOR OPERATING 
SUCH A REPEATER 

RELATED APPLICATIONS 

This application claims priority to International Publica 
tion Number WO2009/112198, filed Mar. 5, 2009, entitled 
REPEATER AND METHOD FOR OPERATING SUCHA 
REPEATER, which claims priority to German Application 
Serial No. 102008013245.4, filed Mar. 8, 2008, entitled 
REPEATER AND METHOD FOR OPERATING SUCHA 
REPEATER, which applications are each incorporated 
herein by reference in their entirety. 

FIELD OF THE INVENTION 

The invention relates to a so-called repeater for a mobile 
network. The invention also relates to a method for operating 
Such a repeater. 

BACKGROUND OF THE INVENTION 

Repeaters are used to enable telephoning with a mobile 
communications terminal in areas that are shadowed from 
radio waves, such as, for example, in a tunnel. 

Such a repeater includes in its usual design, a master unit, 
which is in wireless or wire-bound communication connec 
tion with a base station of a mobile network. The repeater also 
includes several “remote units', for example, distributed over 
the length of the tunnel, for establishing the contact with the 
mobile communications terminal. Signal transmission 
between the master unit and the remote units is often effected 
as an amplitude-modulated optical analog signal via one or 
several optical waveguides, for example optical fiber or glass 
cables. 
The master unit transfers the signal supplied to it by the 

base station to all remote units in the “downlink' direction. 
Each remote unit, on the other hand, transfers the signal 
Supplied to it by a mobile communications terminal to the 
master unit in the “uplink” direction. An undisturbed signal 
transmission requires a separation of the individual signals, 
namely, on the one hand, of the downlink-signals from the 
uplink-signals, and, on the other hand, of the individual 
uplink-signals of the various remote units from each other. 

This is achieved, for example, by transmitting each signal 
through a separate optical waveguide to a separate optical 
receiver, which is, however, relatively cost-intensive. 

Alternatively, it is possible, in particular in the uplink 
direction, to use one common optical waveguide for the signal 
transmission of several remote units. To achieve a separation 
of the optical signals, each of the remote units conventionally 
includes a transmitter Such as a laser, with each of the lasers 
having a nominal wavelength different from that of the other 
lasers and emitting light of a nominal wavelength. That is, a 
spectral separation of the uplink signals is effected, as each 
remote unit transmits on a different light wavelength. It is, 
however, a disadvantage in this type of data transmission that 
for each remote unit, an individual laser type has to be pro 
vided. This complicates in particular the maintenance of such 
a repeater. 

SUMMARY OF THE INVENTION 

The invention is directed to providing a particularly effi 
cient repeater. Furthermore, the invention is directed to pro 
viding a particularly efficient method for operating Such a 
repeater. 
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2 
Regarding the device, these goals and other goals are met 

according to the invention by a repeater that includes a master 
unit for communicating with a base station of a mobile net 
work, several remote units for communicating with mobile 
communications terminals, and a common optical 
waveguide, connecting the remote units with the master unit, 
for transmitting the optical signals from each of the remote 
units to the master unit. At least two of the remote units 
include, as a transmitter for the optical signals, a laser of a 
construction identical to that of the other laser and with a 
similar nominal wavelength. These lasers are selected, by 
adjusting their operating temperatures, in Such a way that 
each laser transmits on a different transmission wavelength. 
Preferably, all remote units allocated to the repeater are 
equipped with lasers of identical or similar construction and 
with identical or similar nominal wavelengths, and are 
adjusted at Such temperatures so that each laser transmits on 
a different transmission wavelength. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, an exemplary embodiment of the inven 
tion is explained in detail by means of a drawing, which: 

FIG. 1 shows a schematic representation of a repeater of a 
mobile network, 

FIG. 2 shows a diagram for the use of different specifica 
tion classes of a laser type used. 
The accompanying drawings, which are incorporated in 

and constitute a part of this specification, illustrate embodi 
ments of the invention and, together with a general descrip 
tion of the invention given below, serve to explain the prin 
ciples of the invention. Parts and variables corresponding to 
each other are in all figures always identified by the same 
reference numbers. 

DETAILED DESCRIPTION OF EMBODIMENT 
OF THE INVENTION 

For operating the above-described repeater, one makes use 
of the fact that the emitted wavelength of a laser is influenced, 
among others factors, by its operating temperature. At least 
some of the lasers are deliberately used contrary to their 
specification by keeping at least all lasers except one on an 
operating temperature deviating from the respective specified 
nominal operating temperature of these lasers. Through this 
measure, the lasers are specifically detuned as compared with 
their nominal wavelength, in order to adjust the differing 
transmission wavelengths of the lasers. 
By using the same laser type for all remote units, a rela 

tively high degree of prefabrication is achieved for the remote 
units, thus saving stock keeping and maintenance costs. 

In an advantageous embodiment, each laser comprises a 
Peltier element for adjusting its operating temperature. The 
Peltier element advantageously permits either heating or 
cooling of the laser—depending on the polarity. This makes it 
possible to adjust to a relatively wide temperature range and 
thereby, to adjust to a relatively wide frequency range. The 
Peltier element may be controlled by a thermistor resistor. 

Preferably, the device may include a drive unit for auto 
matically adjusting the operating temperatures. This drive 
unit is integrated, for example, in the master unit. In particu 
lar, the drive unit is provided with a software application 
designed for automatically choosing the operating tempera 
tures of the individual lasers in Such a way that all transmis 
sion wavelengths of the individual laser sufficiently differ 
from each other for a secure signal separation. Preferably, the 
operating temperatures of the lasers are chosen from a tem 
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perature range between 20° C. and 35° C. Expediently, there 
is always at least a wavelength difference of at least 0.35 nm. 
between the individual transmission wavelengths. 

Preferably, each laser has a nominal wavelength of 1547.72 
nm. The transmission wavelengths of the lasers are preferably 
chosen from a wavelength range between 1545 nm and 1551 

. 

A particularly cost-advantageous variant of the repeater is 
advantageously realized by providing, both in uplink direc 
tion and in downlink direction, a single common optical 
waveguide for signal transmission between master unit and 
remote units. In this case, the master unit preferably uses a 
laser of a construction similar or somewhat identical with that 
of the lasers of the remote units, which has a nominal wave 
length clearly differing from the nominal wavelengths of the 
lasers used in the remote units. In particular, the nominal 
wavelength of this laser is 1310 nm. Due to the great wave 
length difference, advantageously and in a technically rela 
tively inexpensive realization, a clear separation of the signals 
in uplink direction and downlink direction is achieved. 

Preferably diode lasers, in particular so-called distributed 
feedback (DFB) diode lasers, are used. These lasers advanta 
geously emit, at constant operating temperature, a highly 
monochromatic light and are particularly well Suited for 
trans-mission of several optical signals through the same 
optical waveguide. These lasers enable a particularly narrow 
spectral distance of the different transmission wavelengths. 

Such diode lasers are often sold with identical construction 
and identical nominal wavelengths and in several specifica 
tion classes differing by their nominal operating temperature, 
or equivalently in the thermistor resistor to be provided for 
adjusting the nominal operating temperature. The reason for 
the different specification classes is manufacturing toler 
ances, due to which the identically constructed lasers reach 
the preset nominal wavelength at different temperatures. 

In a preferred embodiment of the repeater, this circum 
stance is advantageously made use of in order to optimize the 
transmission wavelength range within a present temperature 
range. For this purpose, lasers of different nominal operating 
temperatures are allocated to the remote units. Lasers with a 
relatively low nominal operating temperature are systemati 
cally used for adjusting transmission wavelengths from an 
upper wavelength range, and lasers with a relatively high 
nominal operating temperature are used for adjusting trans 
mission wavelengths from a lower wavelength range. Here 
again, the specified thermistor resistor of the lasers can be 
used as a measure for the nominal operating temperature. 

Regarding the method, the above-mentioned goal is solved 
by using in a repeater with a master unit for communicating 
with a base station of a mobile network, with several remote 
units for communicating with mobile communications termi 
nals, and with a common optical waveguide connecting the 
remote units with the master unit for transmission of optical 
signals from at least two, preferably each, of the remote units 
to the master unit, as transmitters of the remote units, lasers of 
identical construction and with identical nominal wave 
lengths and to select them by adjusting their operating tem 
peratures in Such away that each laser transmits on a different 
transmission wavelength. 

Parts and variables corresponding to each other are in all 
figures always identified by the same reference numbers. 

FIG. 1 is a schematic representation of a repeater 1 of a 
mobile network, transmitting, by means of optical signals, 
radio signals into an area shadowed for radio waves, such as, 
for example, a tunnel. 
The repeater 1 comprises a master unit 2, which commu 

nicates through schematically shown radio waves, with a base 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
station (not shown) of the mobile network, not shown. In 
addition, the repeater 1 comprises several—in this represen 
tation, four remote units 3, which are distributed over the 
length of a tunnel, for example. The remote units communi 
cate by means of radio waves with a mobile communications 
terminal, not shown. The master unit 2 is connected with the 
remote units 3 via an optical waveguide of the repeater 1 that 
is disclosed as an optical fiber or glass cable 4. 
The optical fiber or glass cable 4 provides forbidirectional 

optical signal transmission—or 'signal transfer between 
the master unit 2 and the remote units 3. A radio signal coming 
in from the mobile communications terminal is transformed 
inside the remote unit 3 into an optical signal, transferred as 
an amplitude-modulated analog signal in the so-calleduplink 
direction 5 (identified by an arrow) via the optical fiber or 
glass cable 4 to the master unit 2. The signal is retransformed 
at the master unit into a radio signal and transmitted to the 
base station. 

Analogously, a radio signal coming in from the base station 
is transferred in the so-called downlink direction 6 (also iden 
tified by an arrow) from the master unit 2 via the optical fiber 
or glass cable 4 to the remote units 3 and finally transmitted to 
the mobile communications terminal. 

For a faultless signal transmission via the optical fiber or 
glass cable 4, the individual optical signals must be distin 
guishable from each other. On the one hand, the signals of the 
individual remote units 3 must be distinguishable from each 
other. On the other hand, the signals in uplink direction 5 must 
be distinguishable from those in downlink direction 6. 

For an optically separatable signal transmission in uplink 
direction 5, each remote unit 3 comprises, as a transmitter, a 
laser 7 that is disclosed and designed here as a so-called DFB 
(distributed feedback) diode laser 7, as one example. All 
diode lasers 7 are of very similar if not somewhat identical 
construction and specified for similar if not the same nominal 
wavelength vy (FIG. 2) of 1547.72 nm. As the emitted wave 
length of each diode laser 7 depends on its operating tempera 
ture T-T, each diode laser 7 for the remote units 3 
includes a controlled Peltier element 8 for adjusting and keep 
ing constant its operating temperature T1-T. The operating 
temperature T-T of the diode laser 7 is adjusted such that 
each diode laser 7 transmits on an individual transmission 
wavelength wi-Wia, which is normally different from its 
nominal wavelength W. Furthermore, each remote unit 3 
includes an optical receiver 9 for receiving the signals of the 
master unit 2. 

For signal transmission in downlink direction 6, the master 
unit 2, also includes, as a transmitter, a laser 10 designed as a 
DFB diode laser, as well as an optical receiver 11, for receiv 
ing the signals of the remote units 3. In the embodiment 
represented and illustrated in the Figures, this diode laser 10 
is specified for a nominal wavelength vy of 1310+10 nm, on 
which it actually transmits, so that its transmission wave 
length w clearly differs from the transmission wavelengths 
wr-wra of the diode lasers 7. 
The Suitable operating temperatures T are chosen in a 

commissioning phase of the repeater 1. For this choice— 
here, automatic—of the operating temperatures T, the mas 
ter unit 2 comprises a drive unit 12 provided with a software 
application. The drive unit 12 is connected with the Peltier 
elements 8, with respect to signal technology, via a signal 
cable 13. Alternatively, it is provided that the drive unit 12 
selects the Peltier elements 8 by means of optical control 
signals transmitted via the optical fiber or glass cable 4. On 
the other hand, the drive unit 12 is coupled with the optical 
receiver 11 of the master unit 2. 
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For choosing the operating temperatures T-T the drive 
unit 12 adjusts the operating temperature T of a diode laser 
7 and the optical receiver 11 records the resulting transmis 
sion wavelength W. The operating temperature T of a diode 
laser 7 is changed within a temperature range between 20°C. 
and 35° C. until its transmission wavelength we corresponds 
to a value preset by the software application. The preset 
transmission wavelengths wit lie within a wavelength range 
between 1545 nm and 1551 nm. The software application 
chooses the transmission wavelengths wry in Such a way that 
the individual transmission wavelengths will of the remote 
units 3 differ from each other sufficiently, in particular by at 
least 0.35 nm. 

In an alternative with simplified circuit technology, the 
nominal operating temperatures T. (FIG. 2) of the individual 
diode lasers 7 are stored in the drive unit 12. The drive unit 12 
chooses the operating temperatures T-T of the individual 
diode lasers 7 by means of this stored information in such a 
way that the resulting transmission wavelengths we suffi 
ciently differ from each other, for faultless signal transmis 
Sion. Using the signal cable 13 or the optical fiber or glass 
cable 4, the chosen operating temperatures T are preset for 
the Peltier elements 8. 

FIG. 2 schematically shows a diagram 20 for five specifi 
cation classes A, B, C, D, E of the diode lasers 7 of identical 
construction and the dependence of the trans-mission wave 
length wit on the operating temperature T. 

Within a specification class A, B, C, D, E, the transmission 
wavelength we linearly depends, as shown here by way of an 
example, on the operating temperature T of the diode laser 7. 
In order to always achieve the same nominal wavelength w. 
each specification class A, B, C, D, E is specified for a differ 
ent nominal operating temperature Ts. 
The diode lasers 7 are used in such a way that diode lasers 

7 with a relatively high nominal operating temperature Ts (for 
example, those of specification class E) are used for transmis 
sion wavelengths will from a lower wavelength range. The 
diode lasers 7 with a relatively low nominal operating tem 
perature T (for example, those of specification class A) are 
used for transmission wavelengths wry from an upper wave 
length range. In this way, a particularly large wavelength 
range between a minimum transmission wavelength W, and 
a maximum transmission wavelength w is covered with a 
preset operating-temperature range between a minimum 
operating temperature T, and a maximum operating tem 
perature T. 

While the present invention has been illustrated by the 
description of the embodiments thereof, and while the 
embodiments have been described in considerable detail, it is 
not the intention of the applicant to restrict or in any way limit 
the scope of the appended claims to Such detail. Additional 
advantages and modifications will readily appear to those 
skilled in the art. Therefore, the invention in its broader 
aspects is not limited to the specific details representative 
apparatus and method, and illustrative examples shown and 
described. Accordingly, departures may be made from Such 
details without departure from the spirit or scope of appli 
cant’s general inventive concept. 

LIST OF REFERENCE NUMBERS 

1 Repeater 
2 Master unit 
3 Remote unit 
4 Fiber-glass cable 
5 Uplink direction 
6 Downlink direction 
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7 Diode laser 
8 Peltier element 
9 Receiver 
10 Diode laser 
11 Receiver 
12 Drive unit 
13 Signal cable 
20 Diagram 
A, B, C, D, E Specification class 
T Operating temperature 
Ts. Nominal operating temperature 
T, Operating temperature 
T Operating temperature 

Transmission wavelength 
W. Nominal wavelength 

Transmission wavelength 
W. Transmission wavelength 
W. Transmission wavelength 

The invention claimed is: 
1. A repeater comprising: 
a master unit for communicating with a base station of a 

mobile network; 
a plurality of remote units for communicating with mobile 

communications terminals; 
an optical waveguide connecting the remote units with the 

master unit for transmitting the optical signals from each 
of the remote units to the master unit; 

at least two of the remote units including lasers as trans 
mitters for the optical signals; 

the plurality of lasers having similar nominal transmission 
wavelengths that are provided at a plurality of different 
nominal operating temperatures including a minimum 
nominal operating temperature and a maximum nominal 
operating temperature and being selectively controlled 
by adjusting their operating temperatures so that the 
lasers transmit on different transmission wavelengths; 

a drive unit configured for selectively adjusting the oper 
ating temperatures of the lasers to operate in a defined 
temperature range between a minimum temperature 
proximate the minimum nominal operating temperature 
and a maximum temperature proximate the maximum 
nominal operating temperature to provide a plurality of 
different transmission wavelengths for the remote units. 

2. The repeater of claim 1, wherein at least one of the lasers 
includes a Peltier element for adjusting its operating tempera 
ture. 

3. The repeater of claim 1, wherein the operating tempera 
tures of the lasers are chosen from a temperature range 
between 20° C. and 35° C. 

4. The repeater of claim 1, wherein the transmission wave 
lengths of the lasers are chosen from a wavelength in the 
range of 1545 nm to 1551 nm. 

5. The repeater of claim 1, wherein the individual trans 
mission wavelengths always have at least one wavelength 
difference of 0.35 nm between each other. 

6. The repeater of claim 1, wherein the master unit trans 
mits optical signals to the remote units and a common optical 
waveguide is used for both signal transmission from the mas 
ter unit to the remote units and for signal transmission from 
the remote units to the master unit. 

7. The repeater of claim 1, wherein a laser with a relatively 
low nominal operating temperature is used for adjusting a 
transmission wavelength from an upper wavelength range, 
and a laser with a relatively high nominal operating tempera 
ture is used for adjusting a transmission wavelength from a 
lower wavelength range. 
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8. A method for operating a repeater that includes a master 
unit for communicating with a base station of a mobile net 
work, a plurality of remote units for communicating with 
mobile communications terminals, and an optical waveguide 
connecting the remote units with the master unit for transmit 
ting optical signals from each of the remote units to the master 
unit, the method comprising: 

transmitting the optical signals from at least two of the 
remote units using a laser, 

the plurality of lasers having similar nominal transmission 
wavelengths that are provided at a plurality of different 
nominal operating temperatures including a minimum 
nominal operating temperature and a maximum nominal 
operating temperature; 

Selectively adjusting the operating temperatures of the 
lasers to operate in a defined temperature range between 
a minimum temperature proximate the minimum nomi 
nal operating temperature and a maximum temperature 
proximate the maximum nominal operating temperature 
so that the lasers transmit on a plurality of different 
transmission wavelengths for the remote units. 

9. The method of claim 8, wherein at least one of the lasers 
includes a Peltier element for adjusting its operating tempera 
ture. 
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10. The method of claim 8 further comprising selectively 

adjusting the operating temperatures with a drive unit. 
11. The method of claim 8 further comprising selecting the 

operating temperatures of the lasers from a temperature range 
between 20° C. and 35° C. 

12. The method of claim 8, wherein the transmission wave 
lengths of the lasers are chosen from a wavelength in the 
range of 1545 nm to 1551 nm. 

13. The method of claim 8, wherein the individual trans 
mission wavelengths always have at least one wavelength 
difference of 0.35 nm between each other. 

14. The method of claim 8, wherein the master unit trans 
mits optical signals to the remote units, the method further 
comprising using a common optical waveguide for both sig 
nal transmission from the master unit to the remote units and 
for signal transmission from the remote units to the master 
unit. 

15. The method of claim 8 further comprising using a laser 
with a relatively low nominal operating temperature for 
adjusting a transmission wavelength from an upper wave 
length range, and using a laser with a relatively high nominal 
operating temperature for adjusting a transmission wave 
length from a lower wavelength range. 


